Background
==========

Acupuncture has been successfully used for clinical treatment in East Asian countries for numerous centuries. The effectiveness of the treatment, however, is still unclear and many challenges remain in proving its medicinal effect with scientific rigor. Since its introduction to the Western world in the early 1970s, the effect of acupuncture has been discussed, whether favorably or critically, along with newly published neuro-biological theories. Melzack et al. \[[@B1]\] presented the theory of gate control, which was an early model of acupuncture-induced pain suppression \[[@B1],[@B2]\] and was eventually developed into the Transcutaneous Electrical Nerve Stimulation method (TENS) \[[@B3]\]. Le Bars discussed the idea of Diffuse Noxious Inhibitory Controls (DNIC) \[[@B4]\]. Bing argued that there was an affinity between the acupuncture-induced pain suppression effect and DNIC; yet the same authors deny the singular quality of acupuncture, implying that acupuncture stimulation is nothing but a kind of noxious inhibitory control \[[@B5],[@B6]\]. Similarly, Cho et al. retracted their publication that had tried to prove the unique quality of acupoints through the use of fMRI but deny doing so \[[@B7]\].

When an acupoint is stimulated, two kinds of effects are expected: the effects due to the unique quality of the acupoint and the secondary effects, such as placebo and stress. Lao argues that the secondary effects alone do not account for the overall effect of acupuncture \[[@B8]\]. He insists that in order to explore the significant effects of acupuncture, it is necessary to identify the key therapeutic parameters that optimize the acupoints' unique qualities \[[@B8]\]. Ceccherelli et al. \[[@B9]\] suggest several key therapeutic parameters; specific acupoints, number of needles, diameter of the needle, delivery method, depth of insertion, number of acupuncture sessions, and length of the clinical trial \[[@B9]\].

The studies reviewed so far, however, have been conducted with electrical acupuncture rather than manual acupuncture. Thus, Carlsson \[[@B10]\] suggests a need to look into the effects and mechanisms of manual acupuncture \[[@B10]\]. Moreover, in the studies on the unique qualities of acupoints, the question of how to eliminate secondary effects like placebo and stress still remains unanswered. This study investigated the therapeutic parameters of manual acupuncture using a patho-physiological animal model which can minimize the interference of non-specific effects. Animals are likely subject to less of a placebo effect than people. Patho-physiological animal models are necessary to observe the effects of treatment, which are not clearly displayed in non-patho-physiological models. Based on these facts, this study used a formalin test and manipulated specific acupoints, temporal point of needling, rotation of the needle, duration of acupuncture, and diameter of the needle as individual therapeutic parameters. Changes in the animals' behavior (such as biting and licking the formalin injected area or shaking and jerking the formalin injected foot) were then observed to measure their pain response.

This study aimed to determine how individual therapeutic parameters affect the overall clinical effect of acupuncture. The results may highlight the importance of individual therapeutic parameters in acupuncture and strengthen the scientific rigor of acupuncture-related research.

Methods
=======

Animal
------

The protocol for the animal experiment was reviewed and approved by the Animal Care and Use Committee of Kyung Hee University. Male Sprague--Dawley rats were used (Orient, Korea). Rats weighed 220--250 g. Rats were housed at room temperature (22-24°C) in standard 12 h light/dark cycles and given unlimited access to food and water. Throughout the experimental procedure, the animal care guidelines of the NIH were strictly observed.

Needles
-------

Stainless Steel needles (Hanglimseowon Medical Instruments, Korea; dia. 0.17 and 0.4 mm) were used. The inserted portion of the needle's body (10 mm) was marked to render its length consistent (Additional file [1](#S1){ref-type="supplementary-material"}: Figure S1).

Acupoints and acupuncture method
--------------------------------

ST36 and LR2 acupoints were selected for acupuncture stimulation. ST36 has been used to alleviate pain in both animal experiments \[[@B11],[@B12]\] and clinical trials \[[@B13]\]. LR2 is used to prevent increases in body temperature \[[@B14]\]. To familiarize rats with the treatment, each group was conditioned through the same handling as the experimental treatment for 5 days before the experiment. Rats were held by a human hand and received 10 min of acupuncture treatment, depending on their assigned group, every day starting 5 days before the beginning of the experiment. ST36 was taken 5 mm outside to the tibialis anterior (tibialis anterior muscle) at the line of distal beginning of tibial tuberosity. For LR2, the chosen point was on the dorsum of the hind foot between the first and second toes, proximal to the web margin. Acupuncture was performed on the side opposite (left) to the pain-induced side. The needle was inserted vertically 5.0 mm and 2.0 mm deep on ST36 and LR2, respectively.

Formalin test
-------------

\(1\) Pain induction

50 μl 0.9% saline + 2% formalin solution (Sigma, USA) was injected into the top of the right hind foot with a 30 gauge Hamilton syringe.

\(2\) Schemes of the test

To observe the changes in the pain responses ensuing from the different kinds of acupoints and treatment starting times, rats were divided into four groups: ST36 + immediately-after-pain-induction, ST36 + 5-min-after-pain-induction, LR2 + immediately-after-pain-induction, and LR2 + 5-min-after-pain-induction. Each group was subjected to 3 min of acupuncture with a 0.17 mm diameter needle rotated 2 times per second for the first and the last minute (Figure  [1](#F1){ref-type="fig"}).

![**Schemes of formalin test.** Scheme **(A)**: acupuncture was treated from the beginning of pain induction for three minutes. **(B)**: acupuncture was treated five minutes after pain induction. Behavior was recorded for thirty minutes.](1472-6882-14-25-1){#F1}

To examine the effect of the duration of acupuncture, rats were divided into three groups: Duration 0.5 min (30 seconds) (Duration 0.5), Duration 1 min (Duration 1), and Duration 3 min (Duration). The Duration 3 group received rotation treatment 2 times per second for the first and the last minute. Rotation was performed in the Duration 0.5 and Duration 1 groups for the entire duration of treatment, and a 0.17 mm diameter needle was used for all groups. To evaluate the effect of the needle's diameter, rats were divided into Diameter 0.17 mm and Diameter 0.40 mm groups for acupuncture treatment of 3 minutes with rotation as described for the Duration 3 group (Table  [1](#T1){ref-type="table"}).

To observe the effect of needle rotation, the rotation group received needle rotations 2 times per second for the first and last 1 min of a 3 min treatment with a 0.l7 mm diameter needle. The non-rotation groups did not receive any rotation for the duration of the trial.

\(3\) Pain response analysis

Behavioral indexes, such as biting and licking the formalin injected area or shaking and jerking the formalin injected foot, were interpreted as pain responses. These behavioral indexes were collected by recording rats on video and then analyzed with SMISyncW program (Seoul, Korea). The time a particular pain response started (Ts) and the time it ended (Te) were manually measured. The difference (Tr = Te -- Ts) was calculated as the total response time. After the injection the rats' behaviors were observed for 30 min, not including the time elapsed during the actual insertion of the needle. As for the control group, rats were lightly grabbed by a human hand for the same period as the actual application of acupuncture in order to give the same stimulation that the other groups received.

###### 

Groups of formalin test

                **Parameter**                          **Groups**                           
  ----------------------------------------- -------------------------------- -------------- ------------
   Acupoint and temporal point of needling   Right after formalin injection       ST36      
                     LR2                                                                    
                                             5 min after formalin injection       ST36      
                                                          LR2                               
             Rotating of needle                         Rotation              Non-rotation  
            Duration of needling                      Duration 0.5             Duration 1    Duration 3
             Diameter of needle                         0.17 mm                 0.40 mm     

Control group of each parameter was not included in this table.

Statistical data analysis
-------------------------

All data were presented as mean ± SE. Statistical analyses of the data were conducted with a one way Analysis Of Variance (ANOVA) and a t-Test using SigmaStat for Windows version 3.10. The level of significance was less than 0.05. Fisherman LSD was used for a post-hoc of one way ANOVA.

Results
=======

Basic pain response in formalin test
------------------------------------

The data accumulated in 5-minute increments were organized up to 10 minutes from the 0 minute point for the first phase and up to 20 minutes from 10 minutes for the second phase. Pain response in phase 1 increased from the start untill 5 minutes and then decreases untill 10 minutes. In phase 2, responses increased gradually untill 25 minutes and started to decrease thereafter (Figure  [2](#F2){ref-type="fig"}).

![**Pain responses in the formalin test.** Pain response of phase 1 increases from start till 5 minutes and decreases till 10 minutes. In case of phase 2, response increases gradually till 25 minutes and starts to decrease thereafter.](1472-6882-14-25-2){#F2}

Pain responses according to acupoint and temporal point of needling
-------------------------------------------------------------------

\(1\) Pain responses when acupuncture began immediately after pain induction.

The formalin test yielded no significant suppression of pain in the case of the ST36 or LR2 acupuncture stimulation that immediately followed the injection of formalin (Figure  [3](#F3){ref-type="fig"}). In this group, the typical 10-minute sudden increase and subsequent fall which were appeared in formalin test group was not observed.

![**Pain responses in the formalin test when acupuncture began immediately after pain induction.** Pain responses of phase 1 and phase 2 were presented in **(A)** and total pain response was presented in **(B)**. Sequential pain response was presented in **(C)**. The black bar labeled \"Acupuncture\" indicates the 5 minute time interval during which the 3 minute treatment occurred for all mice. All data are presented as mean ± SE. No significant difference was found in pain responses compared to the control group.](1472-6882-14-25-3){#F3}

\(2\) Pain responses when acupuncture began after 5 min after pain induction.

In this group, the typical 10-minute sudden increase and subsequent fall which appeared in the formalin test group were observed. When acupuncture was applied 5 minutes after pain induction, the ST36 stimulation resulted in a significant pain decrease while the LR2 stimulation produced no decrease (Figure  [4](#F4){ref-type="fig"}).

![**Pain responses in the formalin test when acupuncture began 5 min after pain induction.** Responses according to phase were presented in **(A)** and total response was presented in **(B)**. Sequential pain response was presented in **(C)**. All data are presented as mean ± SE. The black bar labeled \"Acupuncture\" indicates the 5 minute time interval during which the 3 minute treatment occurred for all mice. \*\*p \< 0.01 and \*\*\*p \< 0.001 when compared to control group, \#p \< 0.05 when compared to LR2 group.](1472-6882-14-25-4){#F4}

Pain responses in the formalin test related to duration of treatment
--------------------------------------------------------------------

The needle was inserted 5 minutes after pain induction. The different durations of acupuncture also produced different pain relief results. The duration 3 group (for which the needle was left inserted for 3 minutes on the acupoint) showed a significant decrease in pain from 20 min until 30 min, while the Duration 0.5 and Duration 1 groups failed to show any pain decrease (Figure  [5](#F5){ref-type="fig"}).

![**Sequential pain responses in the formalin test related to duration of treatment.** The treatment occurred 5 minutes after pain induction. In all of the following figures, the response could not be measured from 5 minute to 10 minute. The black bar labeled \"acupuncture\" indicates the 5 minute time interval during which the 30 second, 1 minute, or 3 minute treatment occurred for all mice. All data are presented as mean ± SE. \*\*p \< 0.01 when compared to the control group. \#p \< 0.05 when compared to the Duration 1 group.](1472-6882-14-25-5){#F5}

Pain responses related to the diameter of the needle
----------------------------------------------------

The needle was inserted 5 minutes after pain induction. Both the 0.17 m and 0.40 m groups showed significant pain decreases, however, the diameter of the needle did not make a substantial difference in relieving pain (Figure  [6](#F6){ref-type="fig"}).

![**Sequential pain responses in the formalin test related to needle diameter.** The needle was inserted 5 minutes after pain induction. The black bar labeled \"Acupuncture\" indicates the 5 minute time interval during which the 3 minute treatment occurred for all mice. All data are presented as mean ± SE. \*p \< 0.05 and \*\*p \< 0.01 when compared to the control group.](1472-6882-14-25-6){#F6}

Pain responses related to needle rotation
-----------------------------------------

The needle was inserted 5 minutes after pain induction. In the rotation group, the needle was rotated two times per second in the first minute after the start of pain induction and for another two times per second in the last minute of acupuncture stimulation. The non-rotation group received acupuncture for 3 minutes without needle rotation. Both groups showed similar decreases in pain (Figure  [7](#F7){ref-type="fig"}). Thus needle rotation did not have a substantial role in relieving pain.

![**Sequential pain responses in the formalin test related to needle rotation.** The black bar labeled \"acupuncture\" indicates the 5 minute time interval during which the 3 minute treatment occurred for all mice. The needle was inserted 5 minutes after pain induction. In the rotation group, the needle was rotated two times per second in the first minute after the start of pain induction and for another two times per second in the last minute of acupuncture stimulation. The non-rotation group received acupuncture for 3 minutes without needle rotation. All data are presented as mean ± SE. \*p \< 0.05 and \*\*p \< 0.01 when compared to the control group.](1472-6882-14-25-7){#F7}

Discussion
==========

This preliminary study aimed to determine how individual therapeutic parameters affect the overall clinical effect of acupuncture. The results may highlight the importance of individual therapeutic parameters in acupuncture and strengthen the scientific rigor of acupuncture-related research. In general, acupuncture is applied to relieve patients' acute pain. This study, therefore, was designed to measure the different effects of acupuncture treatment delivered when the amount of pain reaches its climax versus when the pain has not yet reached its climax.

Basic pain response in formalin test
------------------------------------

A formalin test is used to measure for 30 minutes or up to 1 hour the pain response that is divided into the early phase and the late phase, or Phase 1 and Phase 2. In this study the data were accumulated every 5 min. The accumulated response at 5 min was about 68 sec response time. From 5 to 10 min, it decreased to 13 seconds, and after 10 min it gradually increased. From 20 to 25 min it reached the peak of 90 seconds and then decreased thereafter.

Pain responses according to acupoint and temporal point of needling
-------------------------------------------------------------------

The results show that in the groups immediately receiving treatment neither ST36 nor LR2 showed a significant effect in pain suppression; in the groups receiving treatment after 5 min after the formalin injection, however, ST36 demonstrated a significant pain suppression effect. Yet, even in the 5-min-after-pain-induction, LR2 showed no significant effect. In previous research, ST36 has been used to alleviate pain in both animal experiments \[[@B11],[@B12]\] and clinical trials \[[@B13]\]. The current results further support the notion that ST36 could alleviate pain. It has been suggested that this effect is mediated by activation of the opioidergic and serotonergic systems \[[@B11]\]. On the other hand, LR2 was used to deter increases in body temperature \[[@B14]\]. These results demonstrated that unique qualities of individual acupoints exist. The results also highlight the importance of the starting time of acupuncture intervention. 5 min after the formalin injection was the peak time of first phase pain response in the formalin test (Figure  [2](#F2){ref-type="fig"}). In the 5-min-after-pain-induction group, ST36 demonstrated a significant pain suppression effect, but not in the immediately-after-pain-induction group. This suggests that acupuncture stimulation at the peak time of acute pain may be more effective.

Pain responses in the formalin test related to duration of treatment
--------------------------------------------------------------------

Unlike the Duration 0.5 and Duration 1 groups, only the Duration 3 group yielded a significant effect. This result suggests that duration is an important therapeutic parameter of acupuncture. To allow an adequate amount of time to observe the rats' behavior in response to the formalin injections, the longest duration was limited to 3 min. In human research, it has been found that acupuncture stimulation for 40 min achieves the strongest and longest lasting effects \[[@B15]\]. The duration of 3 min, therefore, cannot be interpreted as the optimal duration. To discover the optimal duration, it may be necessary to develop a new formalin test with a longer duration of acupuncture stimulation. It should be pointed out that continuous acupuncture stimulation for more than 1--2 h may lead to a diminution of analgesic effect, a phenomenon known as \"acupuncture tolerance\". One of the underlying mechanisms is the accelerated release of central cholecystokinin octapeptide which acts against the analgesic effect of the endogenous opioid peptides \[[@B16],[@B17]\]. Therefore, excessive duration of acupuncture stimulation is not recommended \[[@B18]\].

Pain responses related to the diameter of the needle
----------------------------------------------------

A significant pain suppression effect was observed in both the diameter 0.17 mm and diameter 0.40 mm groups. This result suggests that it is necessary to further study the effect of needle diameters with a greater variety of diameters in order to prove that needle thickness is a genuine therapeutic parameter. Such research is especially necessary considering the modern trend of using thinner needles to lessen the pain inflicted by inserting the needle. Before technology helped make acupuncture needles slimmer, the needles were much thicker than their modern versions. It has not yet been determined whether the same effect described in ancient discourses on acupuncture could be obtained with the thinner modern needles.

Pain responses related to needle rotation
-----------------------------------------

The rotation and non-rotation groups showed similar pain suppression effects. This result partly contradicts some of the recent research papers that report significant differences between the effects of application and non-application of rotation \[[@B19],[@B20]\]. Previous research found that needle rotation increases pull-out force through connective tissue winding, which modifies the biomechanical behavior of soft tissue \[[@B21]\]. A preliminary study reported that introduction of needle rotation significantly increased deep, dull, heavy sensations related to *deqi*\[[@B22]\]. *Deqi* is suggested to be the main mechanism producing effects of acupuncture \[[@B23],[@B24]\]. In our study, acupuncture stimulation duration was only 3 min, which could be too brief to gather *deqi* induced by rotation. Therefore, further study is needed of longer acupuncture stimulation with and without needle rotation.

Conclusion
==========

This study was designed to assess how individual parameters affect the overall clinical effect of manual acupuncture. Through these results, we determined that the specific acupoints, temporal point of needling and duration of treatment are important deciding factors regarding the inhibitory effect of pain. These findings strongly suggest that in animal experiments, if adjusted accordingly, the application of a set of appropriate therapeutic parameters can significantly influence the outcome. Therefore, more extensive experiments are needed to optimized individual analgesic parameters.
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